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SUMMARY 
During the first quarter of work under Contract NAS5-ll634, the measure-
ment parameters for the ranging and position fixing experiment were confirmed. 
One of the most important parameters is bandwidth. It was decided that the 
bandwidth to be tested should be compatible with mobile communications, and a 
modulation bandwidth of 2 .4414 kHz and a radio frequency of approximately 15 
kHz were selected. If these narrow bandwidths can be shown to have adequate 
ranging resolution and the equipment has sufficient phase stability, the 
narrow bandwidth would have a great advantage because existing voice communi-
cations equipment could then be used for the radio receivers and transmitters 
and the frequency allocation problems would be minimized. The time-bandwidth 
product needed for position measurements is small compared to that usually re-
quired for communications, so that a channel might be time-shared for the two 
functions with only a small increase in the time occupancy of the channel over 
that needed for communications . The experimental work conducted during the 
first quarter suggests that these advantages can be realized. 
Equipment designs were confirmed and the following equipments were con-
structed: a tone-code signal generator, a phase matcher-correlator, and a 
responder unit for installation in a mobile van. A similar responder unit 
had been constructed previously for installation in the Sea Robin buoy that 
is to be tested near Bermuda by the General Electric Company and the Office 
of Naval Research. Construction was started on a responder unit intended for 
integration with a transmitter and receiver to be furnished by the FAA for 
flight tests during the second quarter of the experiment. The units employ 
integrated circuits and are fabricated on printed circuit boards. 
Range measurements were made from the Company's Radio-Optical Observatory 
near Schenectady, New York to satellites ATS-l and ATS-3, and through ATS-3 to 
the Sea Robin unit at Bermuda and to the mobile van at Schenectady. Observa-
tions based on the data that has been processed are included in the appendix 
of this report . The results obtained to date indicate the following: 
• The tone-code ranging technique, with the communications-compatible narrow 
bandwidth, has sufficient resolution to fulfill the objectives of the experi-
ment and LO resolve variations in radio signal propagation, including iono -
spheric delay variations and sea reflection multipath. 
• Under quiet ionospheric conditions and with the best observed signal-to-noise 
ratio, the standard deviation of range measurements is approximately 0 . 5 micro-
second for the direct ranging signal from the Observatory to the satellite and 
approximately 1.0 microsecond for the range measurement from the Observatory 
through the satellite to a user transponder~ when the user transponder has 80 
watts of power output and employs a dipole antenna . 
• The standard deviation of the measurements increases as the signal level 
decreases, but even at the limits of detection, may be small enough to achieve 
the objective of 3 to 5 nautical mile, 1 sigma position fix accuracy. 
• The conventional mobile radio receivers used in the tests exhibit a change in 
time delay with signal level in the range of 5 to 7 microseconds from maximum 
signal level down to the FM detection threshold. One microsecond represents 
approximately 500 feet of range resolution and 12 microseconds represent approx-
imately 1 nautical mile . 
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The effect of sunrise on the ionosphere was observed on one occasion. 
ATS - 1 is within 2 degrees of the \Vestern horizon. The 1ine-of-sight path 
therefore passes a greater distance through the ionosphere than would be 
experienced in an operational system, and is therefore affected to a maximum 
degree by the ionization due t o the sun . A change in propagation time of 
approximately 3 microseconds was observed to occur within one minute when the 
sunrise reached the ionosphere along the ray path. 
A l imited set of data on ATS-3, which is at an elevation angle of 40 
degrees from the Observatory, indicated a total change of 10 to 15 microseconds 
between night and day, specifically between 2100 and 0900 hours local time. 
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INTRODUCTION 
During the first three months of work under contract NAS5 -11634, the 
General Electric Company 's Research and Development Center has prepared equip-
ment and conducted initial tests using NASA's ATS-1 and ATS-3 satellites. The 
objectives of the ranging and position fixing experiment are: 
1. Demonstrate the feasibility of ranging and position fixing from synchronous 
satellites to small mobile terminals at VHF radio frequencies. It is 
expected that the experiment wil l demonstrate position fixing accuracies 
adequate for transoceanic air traffic control o 
2. Demonstrate the advantages of a tone -code (puls e train) ranging technique 
that offers promise of the highly efficient use of satellite energy in 
simple implementation that is compatible with presently used communication 
equipment. In operation, the system would be easily retrofitted in 
existing aircraft. 
3. Obtain data over a large geographical region at various times of the day 
to indicate the variations in ranging and position fixing accuracies 
caused by location and time of day . 
4. Demonstrate the General Electric Company's Low Energy Speech Transmission 
(L.E.S.T.) technique. In an operational system, this technique would be 
compatible with tone-code ranging in such a way that the pulsed voice 
transmissions could be used in the range measuring process. 
The results of the experiment are importan t to the commercial aviation 
community. NASA's ATS satell ites have shmvn the feasibility of voice communi-
cations between aircraft and ground terminals. Airlines that fly transo ceanic 
routes desire to replace their inadequate HF voice commun ication links with the 
far more reliable satellite links. It is generally agreed that a satellite 
system should also provide surveillance of aircraft positions for air traffic 
control over the oceans, so that spacings between the transoceanic routes can 
be reduced and efficiency of operations impr oved . An early implementation of 
an aeronautical satellite system would have to be accomplished at VHF 0 When 
suitable aircraft antennas and other avionics equipment have been developed, 
the L-band frequencies, 1540 to 1660 MHz , will offer the possibility for 
improved performance. There is a l ack of agreement concerning the usefulness 
of VHF for position surveillance and there are now no definitive data to help 
resolve the matter. A major objective of the ranging and position fixing ex-
periment is to provide definitive data for the resolution of this question. 
The experime nt may also serve as an experimental step toward the fulfill-
ment of an anticipated need for a marine traffic control system in confluence 
areas of the seas. 
Range mea·surements from satellites are made by measuring the propagation 
time of a radio signal from the satellite to the user and return. The propa-
gation time can then be converted to a range measurement by relating it to the 
known propagation velocity of the radio signals . The tone-code ranging tech-
nique used in the experiment has the following characteristics. 
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• Useful accuracy can be achieved within the modulation and radio frequency 
bandwidths of present-day mobile communications. 
• The technique can be used with wide bandwidth for high accuracy. 
e It requires only one channel for range measurement, receiving and trans-
mitting in the simplex mode if desired without need for an antenna diplexer. 
e The time required for a range measurement is a fraction of a second so 
that it can time-share a communication channel with little additional time 
usage of the channel . 
e It can be implemented by the addition of an inexpensive , solid-state 
responder unit attached to a communication r eceiver- transmitter. 
• It can, but need not, employ digital or digitized voice transmissions to 
provide synchronizing of the user responder, thereby further increasing the 
e fficiency of channel usage . 
• There are no "lane" ambiguities in the range measurements. 
• User identification is simple and is confirmed in the return signal. 
DISCUSSIOO 
Factors Limiting Accuracy at VHF 
Accuracy of the lines of position is affected by a number of factors: 
o Bandwidth and signal - to-noise ratio of the signals and the number of tone 
cycles averaged for a measurement. 
o Propagation effects, including refraction, fading due to multipath, scin-
tillation and Faraday rotation of polarization. 
o Geometrical projections of range uncertainty, aircraft altitude uncertainty, 
and satellite position uncertainty projected onto the spherical earth. 
For position fixes, there is additional geometrical dilution error, de-
pending upon the crossing angle of the l ines of position . 
o Uncertainty in the time delay of signals propagated through the satellites, 
user, and ground station equipments . 
e Sea reflection. 
Tone-Code Ranging Technigue 
Range measurements from satellites are made by measuring the propagation 
time of a radio signal from the satellite to the user and return. The propa-
gation time can then be converted to a range measurement by relating it to the 
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known propagation velocity of the radio signa ls. The free-space propagation 
velocity must be corrected for ionospheric and atmospheric propagation effects. 
Propagation time is measured by placing a time marker in the form of a "tone-
code" interrogation (Figure 1) on the transmitted signal and observing the time 
for the tone-code to go to the user and return. The interrogation signal is a 
short audio frequency tone transmission followed by a digital address code in 
which audio cycles are inhibited for zeros , transmitted for ones . 
Each user transponder is assigned a unique digital address code. When 
the user's fix is to be determined, the tone burst followed by his address 
code is transmitted by the Observatory to one of the geostationary satellites, 
the " interrogating satellite", that repeats it. All of the users receive the 
satellite transmission, but the transponder that is addressed recognizes the 
address code automatically , and after a precise delay, retransmits the tone 
code. The satellites repeat the signal. The Observatory measures the inter-
vals from the initial transmission to the first repetition by the interrogating 
satellite and to the times of the user ' s returns by each of the two satellites. 
With these measurements, it can determine the ranges from the two known posi-
tions of the satellites to the user. The range measurements determine two 
spheres of position centered at t he satellites and having radii equal to the 
measured ranges. A third sphere of position centered at the earth ' s center 
and having a radius equal to the earth ' s radius plus the user ' s altitude 
intersects the other spheres at two points -- one in the northern hemisphere 
and one in the southern hemisphere . By a priori information, the proper point 
is selected at the user's l o cation. 
A convenient frequency for the tone-code transmitted from the Observatory 
is 2.4414 kHz, derived by binary division from an accurate 10 . 0 MHz oscillator . 
The frequency is within the audio passband of aircraft voice communications. 
It is transmitted by frequency modulation, or any other modulation capable of 
transmitting a phase coherent audio tone . A suggested tone duration is 1024 
cycles and the code 30 bits, so that the tone - code duration is 0.43 second. 
The tone-code signal is entirely compatible with voice communications and 
is of such short duration that i t can be inserted during pauses in speech. The 
signals can be relayed by satellites designed for communications with aircraft 
without requiring any changes to the satellites and without adding a signi-
ficant load to their communications capacity . The signals are also compatible 
with data-link digital communications . The phase of the digital clock for com-
munications could also serve as the phase reference for ranging, and then the 
only signal necessary for ranging is the address code itself . 
The user receives the tone cycles from the satellite on its communication 
receiver, as shown in Figure 2. All of the tone cycles received from the satel-
lite, even though they may be interrogations from other craft , are applied to a 
phase matching c ircuit. A lo cally generated tone of the same frequency is 
also applied to the phase ma t cher , which ad j usts the phase of the locally 
generated tone so that it corresponds to the phase of the received tone. The 
local tone is generated at the same frequency as the ground terminal tone 
within an accuracy of one part in 10 6 or better, an accuracy achievable from 
a moderately priced oscillator . The phase matcher averages over the 1024 
received cycles in establishing the timing of the locally generated phase. 
The averaging process improves the timing accuracy by the square root of the 
number of cycles averaged. 
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The locally generated tone is used to generate clock pulses that clock 
the received interrogation signal into an address code recognizer that con-
si sts of a shift register with summing circuits prewired to correspond to 
the digital address code of the user . Digital pulses timed from the received 
t one zero cr6ssings are clocked into the address code recognizer . When the 
s equence of pulses representing the user's address code i s clocked into the 
recognizer, it produces a single output clock pulse that opens a gate to 
interrupt the locally generated pulses that are clocking the shift register. 
The duration of the interruption is precisely controlled by a pulse c ounter . 
During the interval in which the clock pulses are interrupted, the user 's 
transmitter is activated and the antenna is switched from the receiver to the 
t ransmitter. When the switching is comp leted, the locally generated 2 . 4414 
kHz tone is transmitted until the end of the precisely measured interval. 
Clock pulses are then reapplied to the shift register and the address code is 
clocked out to key the audio tone to the transmitter and r eturn the address 
code , back through the satellite to the ground station. Introduction of the 
delay while the antenna is switched eliminates the need for a diplexer in 
the user equipment . It also enables reception and transmission to occur on 
the same frequency. 
At the Radio-Optical Observatory , the receiver output is applied to an 
address code recognizer similarly to that in the user equipment. Prior to 
the interrogation of an individual user, the taps of the surrrrning circuit are 
s witched to correspond to the code of the user to be addressed. When the 
address code is received from a satellite , a single output clock pulse occurs 
a t the output of the summing circuit. 
In the range measurement tests, time i s measured from t he transmission 
of the code to the first or "direct " return from the satellite and also to 
the second return, which is the user ' s response. The first interval, the 
known equipment delays, and estimated ionospheric delays are subtracted from 
t he longer interval to yield a measure of the distance from the known posi-
tion of the satellite to the user. 
Equipment Description 
General Electric ' s Radio-Optical Observatory serves as the ground terminal 
for the experiment . (A photograph of the Observatory is shown on the following 
page.) It is located near Schenectady , New York at 42 0 50' 53" north latitude 
and 740 04' 15" west longitude . The Ob servatory is a part of the Company ' s 
Research and Development Center. It is a well-equipped and versatile laboratory 
for radio propagation , navigation and c ommunication experiments. The work at 
the Observatory is augmented by other facilities and talents of the Research and 
Development Center . Equipment used for the ranging and position fixing experi -
ment is depicted in Figure 3. During the tests des cribed in this report, t he 
Sea Robin buoy was located at Bermuda and the mobile van was l ocated at the 
Observa tory • 
Two vehicles are available for work associated with the experiment. One 
is a Ford Econoline van equipped with racks and a mobile radio transmitter-
r eceiver tuned to the ATS-l and ATS- 3 frequencies . The power output of the 
t ransmitter is 80 watts and the antenna used with it in the experiments to 
6 
PRE-SET COUNTER 
COMPUTER 
M EASU REMENTS hi pULSE/3 SECON OS 
COR P. (START PU LSE I 
7S6 C 
MANUAL ADDRESS 
CODE SELECTION SWITCHING 
-- - --~ j---------,-------, 
TONE CODE GENERATOR POWER AMPLIFIER 
GENERAL ELECTRIC FM TRANSMITTER 300 WATT 
MANSON _ RD ISO R a 0 PROTOTYPE GENERAL ELECTRIC GENERAL ELECTRIC 
4EF5AI REV. S 
STABLE 
REFERENCE 
OSCILLATOR 
PARKS ELECTRONICS LAB. 
2 METER 
TIMING 
CIRCUITS 
START 
FM RECEIVER pOISE FIGURE 2.5 dB 
PHASE-MATCHER HGENERALELECTRIC 
CORRELATOR MONITOR RECEIVER 
GENERALELECTRIC MODEL ER - 52A 
I F BANDWIDTH 
IS KHz 
a. 
DIGITAL CLOCK 
HEWLETT - PACKARD 
2509A 
STOP 
10 MH1 r 
'---f-~~ HEWLETT- PACKARD HEWLETT - PACKARD 
5245L 5240 ~ 
L..! TIME INTERVAL UNIT TIME INTERVAL UNIT 
RESET-I 5262A RESET 526B 
TIME OF DAY 
INTERROGATION 
RETURNS 
USER 
RETURNS 
DIGITAL SCANNER 
~ HEWLETT-PACKARD 
B363A 
-r 
TAPE PUNCH COUPLER 
HEWLETT - PACKARD 
2545A 
1" 
PAPER TAPE HANDLER 
HEWLETT- PACKARD 
2545C 
USER 
RETURNS 
DIGITAL-ANALOG 
CONVERTER 
HEWLETT - PACKARD 
RECORDER 560A 
ANALOG RECORDER 
SANBORN 
150 
TIME SHARING COMPUTER 
SIGNAL 
AMPLITUDE 
/ 
/ 
MANUA 
/ 
ROTAT, 
DIPO 
/ 
Fill TRANSMITTER 
80 WATTS 
/ 
GENERAL EL.ECTRIC 
MODEL ET- 58A 
• 
30FT. DIA. ANTENNA 
LOG PERIODIC FEED I 
POLARIZATIONS AVAILABLE: 
w 
DIPLEXER 
VERTICAL LINEAR ~ S .. 
HORIZONTAL LINEAR t 
RIGHT HAND CIRCULAR 
LEFT HAND CIRCULAR 
/ 
/ 
/ 
/ 
I 
I 
I 
~" 
PREAMPLIFIER 
PARKS ELECT. LAB. 
2 IIETER 
NOISE FIGURE 2.5 dB 
TRANSPONDER 
// 
'" / y/ 
FM RECEIVER 
GUERAL. ELECTRIC 
MODEL ER-4IC 
IF BANDWIDTH 
18 KHz 
I 
I 
I 
POWER AMPLIFIER 
120 WATT 
SOLID STATE 
GEliERAl ELECTRIC 
ATS 1,3 
SATELLITES 
RECEIVE 149.22 MHz 
TRANSMIT 135.6 MHz 
ERP 200 WATTS 
/ 
/ 
/ 
/ 
/ 
/ 
TWO DIPOLE ANTENNAS 
SELECTABLE POLARIZATION 
.... '- ___ SHORE - BUOY 
COMMAND LINK 
FM RECEIVER 
GENERAL ELECTRIC 
GENERAL ELECTRIC 
635 
605 
/ 
/ 
/ RESPONDER UNIT 11iIII.~--------------"'" GENERAL ELECTRIC 
I 
, 
" 
" 265 
RADIO OPTICAL OBSERVATORY 
/ 
-~ 
/ 
VAN TRANSPONDER 
FM TRANSMITTER 
GENERALElECTRICr IGENERAL ELECTRIC 
SEA ROBIN ATS 
RANGING TRANSPONDER 
DIGITAL 
CLOCK 
DATA 
MULTIPLEXER 
GENERAL ELECTRIC 
SENSORS 
FIGURE 3 RANGING AND POSITION FIXING EXPERIMENT EQUIPMENT. 7 
date is a simple dipole. Other antenna arrangements are cont emp l ated for later 
experiments. The rack space available in the van makes it convenient for de-
velopment work. The use of the other vehicle, a Jeep station wagon, is under 
consideration for longer trips planned for l ater experiments. 
The tone code generator and the phase matcher-correIa tor currently in use 
are the first experimental units. They are now being replaced by units of 
better construction, based on the same design. 
The van responder unit, shown in the photographs of the five circuit board 
cards and the assembled unit with its cover removed , is used with the mobile 
receiver and transmitter to form the van transponder. The block diagram of the 
transponder -is depicted in Figure 4 . 
Each user responder performs the following sequence of functions: 
1. Phase alignment of its own 2 . 4414 kHz clock with the received 2 . 4414 kHz 
signal prior to receiving the address code. 
2. Recognition of its user address code. Each responder is prewired for its 
own addres s . 
3. Measuring a precise time delay of 1024 tone cycles duration, 4l9,432.~ 
microseconds. 
4. At the start of the delay, switching transceiver from the receive mode 
to the transmit mode. 
5. Supplying the properly phased tone modulation signal to the transmitter 
during the precisely kno\vn time delay . 
6. Transmitting its digital address code starting precisely at the end of 
the delay. 
7. Switching transceiver back to receive mode. 
The unit employs a 10 MHz oscillator,with a long-term stability of One part 
per million, as its frequency reference. The oscillator is divided down by 
binary division to the tone frequency of 2.4414 kHz. A range measurement re-
quires that the locally generated 2.4414 kHz signal be brought into phase 
with the 2.4414 kHz signal received from the satellite. At least 500 cycles 
of the tone must be received just before the address code to allow for phase 
matching and averaging. The received tone is passed through a tuned circuit 
of approximately 120 Hz bandwidth before its phase is compared with the 
locally generated 2.4414 kHz tone. Phase comparison for 500 cycles is suffi-
cient to match the zero crossings of the received and locally generated tones 
to within 0.4 microsecond if the signal-to-noise ratio is high, and to average 
the effects of noise to an acceptable value if the ratio is low. Phase shifting 
the 2.4414 kHz is achieved by the addition or elimination of pulses in the 
divide down counter at the 2 1/2 MHz and 5 MHz levels. 
The responder functions on a 30-bit user address code. The code consists 
of a IS-bit word sync and a 1S-bit address. The 1S-bit word sync is the same 
for all users. A unique 1S-bit address is assigned to each user. This particu-
lar code configuration provides for 128 users with a minimum Hamming distance of 5. 
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The lS-bit address code shift register is wired specifically for the 
user's address . When t he address i s received following the tone, corre l ation 
occurs simultaneous ly in the lS-bi t word sync shift register and in the 15 bit 
addres s shift register. The outputs of the shift register stages are summed 
in a current summing network. Centering of the word sync and address code in 
each of the corre 1ators results in a peak voltage at the corre1ator output. 
The voltage peak is threshold detected and used to gate out the next clock 
pulse for timing purposes since the ris e time of the lead edge of the correla -
tion wave form itself is not sufficiently accurate. The pul se starts a counter 
that measures a period of 1024 cycles of the l ocal ly generated tone . This 
timing pulse also switches the transponder into the transmit mode, and it then 
begins to transmit the local ly generated , properly phased 2.4414 kHz tone 
back to the satellite. At the end of the precise time delay, the address code 
is transmitted . The transponder then returns to the receive mode and awaits 
further interrogations. It should be realized that during retransmiss ion of 
the tone and address the 2 . 4414 kHz clock has remained in phase with the 
previously received signal since following correlation no further input is 
presented to the phase matcher thereby preventing noise from corrupting the 
phase alignment . 
An additional feature of the responder is a noise inhibit circuit which 
prevents false correla tions on noise during the absence of a received signal. 
This is achieved by half-wave rectifying , filter ing and threshold detecting 
the output of the narrow band filter. This circuit is designed to respond 
only to the presence of the continuous sync tone. Once the presence of tone 
is detected , the received signal is then presented to the shift register. 
The re sponder is digital. It is constructed on five printed circuit 
boards , 6 1/4 inches by 8 inches, and utilizes Fairchild DTL and T2L dual 
in-line ceramic log ic packages. The cards slide into a circuit board and 
connector mounting kit which is housed in an aluminum box, 6 i nches by 8 
inches by 10 inches. Its total weight is six pounds. A single connector 
on the front provides the necessary input and output functions. The power 
requirements are: + 5 volts, 1.0 amp; + 15 volts, 0.09 amp; -15 volts, 
0.07 amp. 
The tone- code generator and the 
tory are based on the same circuits. 
so that they can be modified for use 
corre lator, or a re sponder unit. 
phase matcher-correlator in the Observa-
The printed circuit boards are designed 
in a tone-code generator, a phase matcher-
The responder unit for use in aircraft flight test is near compl etion. 
It is identical to the design of the van responder , but it will be integrated 
with the aircraft satellite communication receiver-transmitter furnished by 
the Federal Aviation Administration. 
A third resp onder will be constructed for use on a Coast Guard vessel. 
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Experimental Procedures and Results 
Range measurements were made from the Observatory to the ATS-1 and ATS-3 
satellites and through the satellites to the Sea Robin buoy equipment and to 
the van transponder. Data were obtained under a variety of conditions. Fif-
t een minutes were s chedul ed at various times through a day. During each fif-
teen minute period a range measurement was made each three seconds. A range 
measurement was initiated by transmitting a tone-code interrogation signal 
from the Observatory to the satellite. The signal, repeated by the satellite , 
was received at the Observatory and also by the transponder being interrogated, 
either the Sea Robin or the van . The unit that was interrogated returned the 
signal t o the satellite which again repeated it, and the signal was received 
at the Observatory . The time from the initial transmission from the Observa-
tory to the return of the interrogation signal from the satellite was auto-
matically recorded on punched tape. Similarly, the time from the initial 
transmission to the t rans ponder r eturn as relayed back through the satellite 
was also recorded on the t ape , along with time of day. In addition , an analog 
chart recording was made of t he relative signal amplitudes of both returns 
from the satellite. 
The t ime interval data recorded on the punched tape was processed with 
a specially prepared computer program. A "best-fit" quadratic curve based 
on least squares analysis was fitted to the data. The deviation of each 
measurement from the curve i s avail able as one output of the c omputer. The 
standard deviation of the points from the smooth curve is computed and the 
number of failures to respond to the interrogation is counted. In processing 
the data, the analog recording may be used to select the intervals over which 
individual segments of the smooth curve should be computed. It is thus possi-
ble to relate such things as signal level and standard deviation or signal 
l evel and range error. 
Another computer program was prepared to determine the slant range and 
the fr.ee-space propagation time from the position of the satellite to any 
point on the earth . NASA- Goddard provides the position of the satellite for 
each half-hour interval so that by the use of the computer program and the 
NASA-furnished data, the computed free-space propagation time can be compared 
with the measured propagation time. When the equipment delay times are cali-
b rated they may be subtracted from the measured propagation time and the re-
maining difference between the computed and the measured time will reveal the 
total propagation delay due to the ionosphere. When using range measurements 
fo r position determination , much of this bias error would be reduced by esti-
mating the delay in the ionosphere based on available models of the ionosphere . 
Observations were made on two occasions when magnetic disturbances were 
present . On one of the occasions an aurora was visible at Schenectady. In 
both instances measurements of the range between the Observatory and the satel-
lite , and the satellite and Sea Robin at Bermuda were being recorded. Satel-
lite ATS-3 was in use, which i s at an e l evation angle of 40 degrees and an azi-
muth angle of approximately 180 degrees or nearly due south from Schenectady. 
In each instance, scintillation, l arge amp li tude changes of the signal, were 
observed , but in neither case were there significant fluctuations in the range 
measurement greater than could be attributed to the receiver time delay varia-
tions with signal amplitude . 
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The follmving is a log of t he ranging experiments that have been con-
duct ed t o date: 
Date Time Comments 
( GMT) 
12/16/68 
12/22/68 Sea Robin 
1/22/69 1255 Direct Ranging 
1/23/69 0623 Se a Robin 
1/26/69 Sea Robin 
1/27/69 2043 Sea Robin 
1/27/69 2200 Direct Ranging 
1/29/69 2010 Direct Ranging 
2/6/69 1200 Dire c t Ranging 
1425 Direct Ranging 
2/7/69 0200 Direct Ranging 
1420 Sea Robin 
15 20 Direct Ranging 
2/11/69 0155 Sea Robin 
0340 Direct Ranging 
1200 Dire ct Ranging 
1400 Direct Ranging 
2/12/69 0200 Sea Robin 
1400 Direct Ranging 
2/12/69 2010 Direct Ranging 
2/13/69 0200 Sea Robin 
2/13/69 0340 Direct Ranging 
2/13/69 1400 Direct Ranging 
2/17/69 1400 Direct Ranging 
2/17 /69 2010 Direct Ranging 
2/18/69 0200 Direct Ranging 
2/18/69 1405 Van 
2/18/69 2000 Van 
2/19/69 0200 Van 
2/19/69 0340 Van 
2/19/69 1400 Van 
2/19/69 2000 Van 
2/20/69 1400 Van 
2/20 /69 2000 Van 
2/24/69 noo Van 
2/24/69 1200 Van 
2/24/69 1400 Van 
2/25/69 1400 Direct Ranging 
2/25/69 2000 Direct Ranging 
2/26/69 1400 Van 
2/26/69 2000 Van 
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NEW TECHNOLOGY 
There is no applicabl e data to be reported at this time. 
PROGRAM FOR NEXT REPORTING PERIOD 
Work during the next quarter will include the integrat ion of a r esponder 
unit ,-.lith a receiver and transmitter furnished by the FAA . The unit will then 
be installed in an aircraft provided by the FAA and r anging and position fixing 
experiments to the aircraft in flight will be started. The r esponder unit for 
use aboard a Coast Guar d ship will be constructed and a receiver and transmitter 
will be acquired and integrated with the unit in preparation for ship-borne tests 
to start near the end of the next quarter ly reporting interval. Tests will be 
made with the land mobile unit which will be positioned at various locations in 
the Schenectady area and interrogated through both ATS-l and ATS-3. Processing 
of the data obtained in the r ange measurements will continue and be refined to 
include line of position and fix determina tions. As results of the experiments 
become available, they wi ll be compiled and made available to i nterested indi-
viduals and organizations . 
CONCLUS IONS AND RECOMMENDATIONS 
Concl us ions 
Much may yet be learned by further analysis of the data that has been 
collected to date . The following t entat ive conclusions are dravm. 
The tone-code ranging technique can provide us eful range resolution when 
used with the narrow bandwidths of mobile communications . A modulating tone 
f requency of 2 .4414 kHz , an RF bandwidth of approximately 15 kHz, and an in-
terrogation signal duration of 0.43 seconds provided a range resolution having 
a standard deviation of less t han 0.5 microsecond (;::::::2 50 feet) on range measure-
ments between a ground terminal and a geostationary satellite , and a standard 
deviation l ess than 1.0 mic rosecond ~500 feet) standard deviation on range 
measurements .from a ground station through a geostationary satellite to a user 
transponder. These values were achieved under quiet ionosphere conditions 
a nd with a good signal-to-noise ratio. 
Ranging precision is reduced but remains usefully precise at the minimum 
detectable level for the RF signal. Further analysis of the data is necessary, 
but i nspection of the data suggests that at the FM detection threshold, standard 
deviations do not exceed 1.0 to 1.5 mi croseconds for ranging from the ground 
te rminal t o the satellite, and 2.0 t o 3.0 microseconds for ranging from the 
satell ite to the user equipment. 
Mobile radio equipment of the type used in the experiment introduces a 
range measurement change of approximate ly 7.0 microseconds between maximum 
signa l l evel and detection threshold l evel. This factor may be reduced by 
receiver redesign , automatic cal i bration , or compensation. 
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The most common cause for signal level variation was Faraday rotation 
at VHF. A difference in Faraday rotation between the transmi t (149. 22 MHz) 
and receive (135.6 MHz) frequencies was observed frequently . The changes 
usually occur slowly, but significan t changes were sometimes observed within 
a IS-minute period. This effect may be reduced by the use of a circularly 
polarized antenna on the satellite. 
Amplitude scintillation of the VHF signals due to solar activity was 
observed. The period of the changes can be less tha n one minute with signal 
amplitudes varying from above average level to below detection threshold. 
No change in range measurement was identified for either Faraday rotation 
or scintillation . Changes in range measurements when these effects were 
present could be attributed to the receiver time delay change with signal level. 
Changes in range measurement due to change in electron content in the 
ionosphere along the ray path were observed. One measurement was made to 
ATS-l, which is very low on the horizon, to observe the effect of sunrise in 
the ionosphere. A 3.0 microsecond change in two-way propagation time was ob-
served to occur within a one-minute interval. Two day and night comparisons 
on ATS-3 showed a change in two-way range measurement to be approximately 
IS microseconds. These data are considered to be indicative of the effects 
but they do not have a statistical significance for estimating performance in 
any application. 
No analysis has been made to de t e rmine the long-term drifts in time delay 
through narrow bandwidth mobile communications equipment or the difference in 
time delay through units of the same design. 
No measurements have been made to determine range error due to sea reflec-
tion multipath. 
Recommendations 
It is recommended that the ranging and position fixing experiment continue 
in accordance with the original planning . 
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APPENDIX 
APPENDIX 
Data on several runs were selected and plotted to illustrate some of 
the important " factors affecting range measurements at VHF. In all of the 
plots presented in this appendix time is Greenwich Mean Time. Five hours 
should be subtracted to obtain local Eastern Standard Time. With the ex-
ception of File 15, the time interval measurements in microseconds are 
represented as they were recorded. The equipment delay times and propaga-
tion delays were not subtracted from the readings. Each plot is identified 
in the following description by date and time. 
The ATS-l satellite is located at approximately 1500 west longitude, 
less than 20 above the western horizon at Schenectady . The AT -3 satellite 
was moved westward during the period of data collection, but was always at 
an elevation angle exceeding 300 • It is now at an azimuth angle of approxi-
mately 180 degrees and an elevation angle of 40 degrees. 
September 27, 1968 - l446Z 
ATS-l was interrogated using the 30-foot dish to transmit and receive 
with 80 watts of transmitted power . The equipment was operated in a "round 
robin" mode in which the return signal interrogated the transponder and 
caused it to transmit another i nterrogation. As a result, a range measure-
ment was made once each 3/4 second, approximately. The data plot from 
144600 to 144830 includes all of the range measurements made during the 2.5 
minute period. A visual estimate of a straight line drawn through the data 
represents the range change of the satellite. Although the satellites are in 
geostationary orbit, their orbits are slightly inclined so that they trace 
a figure eight pattern in the sky over a 24-hour period. During an interval 
as short as fifteen minutes, the range change may be approximated by a straight 
line. The distribution of the points about the line is typical of the small 
deviation when the signal-to-noise ratio is high and the ionosphere is quiet. 
November 22, 1968 - l146Z 
The interrogation period for ATS-l was chosen to include sunrise along 
the ray path through the ionosphere. Each point on the plot represents the 
average of ten readings to emphasize the longer term variation of the range 
measurements. Be cause the satellite is at such a low elevation angle above 
the western horizon, sunrise occurred in the ionosphere shortly before it 
occurred on the ground at Schenectady. Within a one-minute period shortly 
before sunrise at Schenectady, the range measurement increased approximate ly 
3 microseconds. It is assumed this change was due to the sudden onset of 
ionization in the ionosphere at sunrise. 
January 26, 1969 - 20142 
A plot of the range measurements on ATS-3 exhibit a pattern suggesting 
a beating effect, even though each measurement is entirely independent. A 
similar effect may be observed on the Observatory returns on the February 11 
plot. The pattern is due to the 0.4 microsecond time quantizing interval 
of the responder. In the January 26 and February 11 tests, a different 
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oscillator was u sed for the tone-code generator than for the phase matcher -
correlator . It was postulated that a slight relative phase shift between the 
two oscillators was responsible for the cyclic nature of the patterns. This 
was later tested by using the same oscillator as the reference for both. The 
plot of the February 12 Observatory returns shows the quantizing interval 
without the cyclic pattern previously observed. The ability to resolve the 
quantizing interval indicates a high signal-to-noise ratio and excellent 
precision for the phase matcher . 
February 11, 1969 - 0157Z 
plots are presented for both the Observatory returns from the satellite 
and the returns from the Sea Robin buoy . The data were taken during a 
visible aurora at Schenectady and it is reported that a severe magnetic dis-
turbance was in progress, peaking within a hour prior to the test period. 
The State University of New York reported that an M-arc was present in the 
aurora. The Observatory returns indicate the range change of the satellite 
relative to the Observatory while the Sea Robin returns exhibit the sum of 
the range changes from the Observatory to the satellite and the satellite to 
the Sea Robin. Histograms of the returns relative to a visua l straight line 
approximation of the data are presented. The presence of the magnetic dis-
turbance seemed to have little effect on the sca tter of the measurements. 
February 12, 1969 - 0200Z 
Severe scintillation, assumed to be associated with the magnetic activity , 
caused the amplitude of the received signals to vary widely, as noted on the 
analog recording. The relative signal ampliLude is plotted on the Observatory 
returns to show the corre lation between the range measurement displacement and 
signal amplitude. The Sea Robin returns exhibited l arger scatter than on 
February 11. The analog recording shows two plots. The upper plot is a re-
cording of a digital-to-analog conversion of a change in propagation time with 
one large division representing one microsecond. A large division represents 
a 10 microsecond change in delay . The higher peaks in the lower record ing are 
the signa l amplitude of each interrogation for the direct signal return. The 
intermediate values are the relative amplitude of the Sea Robin returns . It 
is interesting to note that the Sea Robin amplitude variations are correlated 
with the dire ct returns, suggesting that the path from the Ob servatory to the 
sate llite was disturbed by the magnetic activity , but that the path from the 
satellite to the buoy in Bermuda was not affected. 
February 24, 1969 - l200Z 
Polarization and antenna pointing were changed during the test period to 
measure the effects of signal amplitude change on the direct returns and van 
returns from the satellite. The signal level during the first minute of the 
test was low because of the polar ization adjustment of the 30-foot dish. There 
was a marked displacement towards a shorter delay for the direct returns and 
for a longer delay of the van returns. Signal amplitude is shown on the analog 
recording and the changes in antenna adjustment are noted on the data plots. 
A displacement of 5 to 7 microseconds was observed over the large range of 
signal leve l change. The analog recording exhibits a cyclic change in amplitude 
2 
that suggests a beat between the satellite spin rate and the 3 second inter-
rogation rate, although this has not been definitely assigned as the cause. 
February 18 , 1969 - l 405Z 
Further evidence of the change in time delay through the receiver with 
signal amplitude is suggested by the plot of the computed curves compared 
with the relative signal amplitude. The computed curves are of second order 
as determined by a l east squares fit to the data. The direct returns present 
a curve dO\vmvard for decreased signal level, whereas the van returns exhibit 
an upward curve for signal l evel . The shape of t he parabola for the first 
interval is curved sharply because the curve is based on a relatively small 
number of data points which , by chance, i nc luded several points which were 
high. All of the data points on the van return are plotted to illustrate how 
the computed curve fi ts the actual data. The encircled points are the com-
puted points for defining the curve and are not data points. The standard 
dev iations are computed about the smooth curves to determine the short term 
stability of the range measurements . It will be noted that the signal level 
pattern for the van r eturns does not correspond to the signal l evel of the 
direct returns . The differences result from the polarization angle changes 
due to Faraday rotation. A difference in the Faraday rotation at the trans-
mit and receive frequencies is fr equent ly observed. 
February 20, 1969 - 2000Z 
The Observatory and van returns were compared by subtracting the known 
time delay in the responder unit and the measured time delay from the Obser-
vatory to the satellite from the measured van returns. Since the Observatory 
a nd the van are co-located, the same change in r ange to the satellite should 
be observed from both, and therefore the slope of the measurements should be 
the same. The van return , when transposed to the Observatory return, has a 
slightly different slope. I t is noted that the direct return signal level 
was constant but the van signal l evel increased i n a direction further sug-
gesting that the receiver time delay changes with the si gnal amplitude . 
The plot shows the standard deviation observed for both returns and the stars 
at the ends of the dashed lines show the greatest deviation of any points from 
the smooth curve. During t he first minute the return from the van was at a 
very low signal l evel due t o the polarization a lignment of the dipole. Range 
measurements obtained during that minute are plotted, showing approximately 7 
microseconds maximum displacement for the weak signal as compared with the strong 
signal. 
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